Journal of Arid Land
Volume 2

Issue 1

Article 1

3-7-2010

Estimating total nitrogen deposition in agroecosys-tems in
northern China during the wheat cropping season
ChunE HE
1College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China; 2
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100193, China;

XueJun LIU
1College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China; 3
Xinjiang Institute of Ecology and Geology, Chinese Academy of Sciences, Urumqi 830011, China;,
xuejun13500@gmail.com

Christie PETER
1College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China; 4
Agri-Environment Branch, Agri-Food and Biosciences Institute, Belfast BT9 5PX, UK;

Fangmeier ANDREAS
5 Institute of Plant Ecology and Landscape, University of Hohenheim, Stuttgart, Germany

Follow this and additional works at: https://egijournals.researchcommons.org/journal-of-arid-land
Part of the Soil Science Commons

Recommended Citation
HE, ChunE; LIU, XueJun; PETER, Christie; and ANDREAS, Fangmeier (2010) "Estimating total nitrogen
deposition in agroecosys-tems in northern China during the wheat cropping season," Journal of Arid Land:
Vol. 2 : Iss. 1 , Article 1.
DOI: 10.3724/SP.J.1227.2010.00002
Available at: https://egijournals.researchcommons.org/journal-of-arid-land/vol2/iss1/1

This Research Article is brought to you for free and open access by Journals of EGI. It has been accepted for
inclusion in Journal of Arid Land by an authorized editor of Journals of EGI. For more information, please contact
hyzhang@ms.xjb.ac.cn.

Estimating total nitrogen deposition in agroecosys-tems in northern China during
the wheat cropping season
Cover Page Footnote
This study was funded by the One-hundred Talents Program of CAS, the Special Fund for Agricultural
Profession (200803030) and the Sino-German project (DFG Training Group, GK1070).

This research article is available in Journal of Arid Land: https://egijournals.researchcommons.org/journal-of-aridland/vol2/iss1/1

JOURNAL OF ARID LAND, 2010, VOL. 2, NO. 1, 2−8

Estimating total nitrogen deposition in agroecosystems in northern China during the wheat cropping
season
ChunE HE1,2, XueJun LIU1,3*, Christie PETER1,4, Fangmeier ANDREAS5, FuSuo ZHANG1
1

College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China;
3
Xinjiang Institute of Ecology and Geology, Chinese Academy of Sciences, Urumqi 830011, China;
4
Agri-Environment Branch, Agri-Food and Biosciences Institute, Belfast BT9 5PX, UK;
5
Institute of Plant Ecology and Landscape, University of Hohenheim, Stuttgart, Germany
2

Abstract: Atmospheric nitrogen (N) deposition has been poorly documented in northern China, an intensive agricultural and industrial region with large emissions of NHx and NOy. To quantify N deposition,
total airborne N deposition was determined at three agricultural sites using a manual integrated total nitrogen input (ITNI) system during growth of winter wheat (Triticum aestivum L.) and Italian ryegrass (Lolium
multiflorum Lam.) from September 2005 to May 2006. Total estimated N deposition averaged 54.9 and 43.2
kg N/hm2 across the three sites when wheat was grown to flowering and maturing, respectively. The average value was 50.2 kg N/hm2 when ryegrass was the indicator plant. Both indicator species gave similar
total airborne N input results. The intermediate level of N supplied resulted in the highest N deposition, and
the ratio of N acquired from deposition to total N content of the whole system decreased with increasing N
supply to the roots. The contribution of atmospheric N to the total N content of the wheat and ryegrass sand
culture systems ranged from 10% to 24%.
Keywords: airborne nitrogen inputs; N pool dilution method; sand culture system; biological indicators
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1 Introduction
The input of reactive nitrogen (N) from the atmosphere by deposition to soil-plant systems has become a
key parameter in the global N cycle (Galloway et al.,
2004). It has been estimated that global reactive N
induced by human activity has increased by 10 times
since the industrial revolution (from 15.3 Tg N/a in
1860 to 156 Tg N/a in the mid-1990s) and will continue to increase until 2050 (Galloway et al., 2004;
2008). Much of the reactive N (e.g. NHx and NOy)
will be emitted to the atmosphere and re-deposited on
to the surfaces of terrestrial and marine ecosystems.
Main sources include all forms of combustion (NOx)
and agriculture (e.g. NH3 and N2O), including
over-fertilization with N and high stocking rates of
farm animals. The additional anthropogenic inputs into
the global N-cycle have led to serious impacts on
natural and semi-natural ecosystems, including

changes in the species composition of vegetation, increasing tree growth in forests, loss of biodiversity,
and eutrophication and acidification of aquatic and
terrestrial systems (Ferm, 1998; Goulding et al., 1998;
Rennenberg and Gessler, 1999; Matson et al., 2002;
Stevens et al., 2004; Duce et al., 2008).
Over-fertilization of N is common in intensive agriculture in China where almost 30% of total world
fertilizer N consumption occurs (IFA, 2006). The N
balance for Chinese agriculture during the 45 years
from 1949 to 1993 shows a surplus of about 120 million t N (Zhu, 1998). Assuming a homogeneous distribution throughout the 130×106 hm2 of cropland, an
average surplus of 900 kg N/hm2 during the 45 years
can be calculated. The situation is especially serious
Received 12 December 2009, accepted 26 December 2009
doi: 10.3724/SP.J.1227.2010.00002
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in northern China, the major region of winter wheat
and summer maize double cropping (Liu et al., 2003).
As reported by Gao et al. (1999), Zhang and Ma (2000)
and Kou (2004), fertilizer N application rates are often
over 500 kg N/(hm2 • a) in this region. Furthermore,
urea and ammonium bicarbonate contribute more than
90% of total N fertilizer consumption. Both forms of
fertilizer N have great potential for NH3 volatilization,
especially in the calcareous soils that are typical of the
region. Studies have demonstrated that the fertilizer N
efficiency is very low (Zhu, 1985, 1998; Li, 1999; Ju
et al., 2000), with less than 40% of the fertilizer N
removed by crops and the remainder subject to leaching, runoff and volatilization (Zhang et al., 1996; Pan,
2001; Liu et al., 2003; Ju et al., 2009). Substantial atmospheric N deposition and re-deposition would
therefore be expected to occur in northern China. Liu
et al. (2006) reported annual bulk (i.e. mostly wet)
inorganic N deposition of up to 30.6 kg N/(hm2 • a) in
the Beijing area. Ammonium N was found to be the
main form of N in precipitation (Zhang et al., 2008),
indicating that atmospheric N deposition in this area is
closely related to reactive N emissions from agricultural activities, i.e. NH3 volatilization from ammonium-based fertilizers and livestock (Zhang et al.,
2010). Total airborne N inputs will of course be higher
than bulk deposition, especially if both inorganic and
organic N deposition and the direct uptake of atmospheric N species by aerial parts of plants are included
(Russow et al., 2001; Cape et al., 2001; Ham and
Tamiya, 2006). Shen et al. (2009) reported very high
concentrations (>40 μg N/m3) and dry deposition
(approx. 55 kg N/(hm2 • a)) of reactive N species at two
sites in the North China Plain. N balances from
long-term field experiments in Changping have confirmed such high N inputs, i.e. about 82.8 kg N/(hm2 • a)
from the atmosphere (He et al., 2007).
N deposition is a very important component of the
nutrient resource and should be taken into account
when calculating N budgets and making N recommendations for the sustainable use of N fertilizer. We
reported total N deposition ranged from 48.6 kg
N/hm2 using ryegrass as the monitoring plant to 83.3
kg N/hm2 with maize as the monitoring plant during
the maize season May to September on the North
China Plain using an ITNI system based on a 15N isotope dilution technique (He et al., 2007). Although
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more than 80% of bulk/wet N deposition was found to
occur from April to September (Liu et al., 2006) and
coincided with the maize growing season, we suspect
that dry N deposition may have been the main contributor to the total N deposition in northern China
during the wheat season (all of the winter and spring
and part of the autumn). There are usually strong
winds with very little precipitation and dry deposition
dominates in this region during wheat growth, especially in Beijing where dust storms occur in spring
because its location is the downstream of northwest
China. The objective of the present study was to determine total N deposition and the bioavailability of N
deposition in northern China during the wheat season
(September to May) using the ITNI system using two
monitoring plants, wheat and Italian ryegrass.

2 Materials and methods
The ITNI-system is based on 15N isotope dilution and
allows the inclusion of direct N uptake by the plant as
well as the absorption of gaseous N compounds by the
soil-plant system (Russow et al., 2001). The ITNI system that we used consisted of a pot (inner diameter of
27 cm and height of 30 cm for a wheat pot and diameter of 22 cm and height of 25 cm for a ryegrass pot),
quartz sand (18 or 12 kg/pot), the indicator species
(wheat or ryegrass), and the 15N-labeled solution. At
the beginning of the experiment the sand-plant system
was labeled with 15N in the form of Ca (15NO3)2, 15N
abundance at 5%. As the plants grew, the tracer was
diluted by the input of atmospheric N and the amount
of N deposited from the atmosphere was calculated
from the dilution.
The N-free quartz sand was supplied with 15N labeled nutrient solution, added manually and regularly
from a buffer vessel. Surplus nutrient solution and
rainwater were conducted back into the buffer vessel.
Thus, nutrients were recycled and the system was only
exposed at the surface of the pot (0.057 m2 for wheat,
0.038 m2 for ryegrass) and the aerial parts of the plants.
The composition of the nutrient solution (mmol/L)
was: 0.75 K2SO4, 0.65 MgSO4, 0.1 KCl, 2.0 Ca(NO3)2,
0.25 KH2PO4, 1×10−3 H3BO3, 1×10−3 MnSO4, 1×10−4
CuSO4, 1×10−3 ZnSO4·7H2O, 5×10−6 NaMoO4, 0.1
Fe-EDTA.
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2.1 Harvesting stage
In northern China winter wheat (Triticum aestivum L.)
is one of the most important crops and winter
wheat-summer maize rotation is the typical cropping
system. Winter wheat was therefore used as the monitor plant and seeds were sown at the end of September
2005 at three sites, Dongbeiwang (DBW) near Beijing,
and Wuqiao (WQ) and Quzhou (QZ) in Hebei province, about 350 and 500 km southeast of Beijing, respectively. Fertilizer N was added to the pots at a rate
of 1.5 g/pot.
It has been shown that substantial NH3 emissions
can occur from agricultural crops to the atmosphere
(Yamulki et al., 1996) and seem to increase with increasing N concentration in the plants during senescence (protein degradation) or in response to increased
N uptake by the roots (Olsen et al., 1995; Husted et al.,
1996), even at early growth stages (Asman, et al.,
1998, Böhme et al., 2003). Furthermore, emissions of
NO2 and NO from plants to atmosphere have also
been reported (Wellburn, 1990). Wheat was therefore
harvested before flowering (at the end of April, 2006)
and a second harvest taken after complete maturity (at
the end of May, 2006) in order to quantify airborne N
inputs during this period of growth.
2.2 N level
The influence of different N-supply levels on the total
airborne N input was tested. The subsidiary experiment was conducted with wheat only at Dongbeiwang,
where rates of 0.75, 1.5 and 3.0 g N/pot were applied.
Wheat was sown at the end of September 2005 and
harvested before flowering (at the end of April, 2006)
in order to eliminate N losses during the process of
ripening.
2.3

Comparison between two monitoring crop
species

Compared to the typical winter wheat-summer maize
rotation system, Italian ryegrass (Lolium multiflorum)
was also planted in this study at the same three sites as
winter wheat as a reference plant. However, ryegrass
was sown at the beginning of May 2005, and a half of
the replicates were completely harvested, i.e. all components of the sand culture system (shoots, roots, sand
and nutrient solution) were harvested separately in the
middle of September together with maize (He et al.,
2007). The remainders were partially harvested, i.e.
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only the shoots were recovered so that the stubble
would sprout new leaves, and complete harvesting of
the regrowth was performed at the end of May 2006
together with wheat.
In all of the experiments pots of wheat or ryegrass
were placed on the soil surface with the conventional
plant density to simulate commercial field conditions.
After harvest, 15N abundance in the various parts of
the plants and in the sand and nutrient solution was
analyzed by mass spectrometry (DELTAPLUSXP,
Thermo Finnigan) and calculated as described by
Russow et al. (2001). All the data were extrapolated
from pot size to an area of 1 hm2 on the basis of pot
surface area. The amount of atmospheric N deposition
for ryegrass during the same period as wheat (from
September 2005 to May 2006) was calculated according to Eqs. (1) and (2) to make the deposition results
for wheat and ryegrass comparable.
ΣAN (May 2005－May 2006) = AN1+AN2,
(1)
AN (September 2005－May 2006) =ΣAN–AN3, (2)
where ΣAN is the total atmospheric N deposition
during the period from May 2005 to May 2006; AN1,
partial harvest September 2005 is the atmospheric N
deposition stored in shoots only which were cut in
September 2005; AN2, complete harvest May 2006 is
the atmospheric N deposition stored in the whole
sand-ryegrass system during growth after partial harvesting (cut of shoots) during the period from September 2005 to May 2006; AN is the atmospheric N
deposition during the period from September 2005 to
May 2006; and AN3 is the atmospheric N deposition
during the period from May to September 2005.

3 Results and discussion
3.1

Airborne N inputs during different harvesting
stages

Total airborne N inputs into the different parts of
wheat at the three sites are presented in Table 1. Estimated N depositions were on average 54.9 and 43.2 kg
N/hm2 when wheat plants were harvested at flowering
and maturity, respectively. The occurrence of lower
deposition at maturity than at flowering suggests that
the amount of airborne N input into the sand-wheat
system was approximately 12 kg N/hm2 less than the
amount of N loss during the period of 30 days from
flowering to maturity. This result is different from the
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Total N deposition into different parts of a sand-wheat system at three sites in northern China
N deposition (kg N/hm2)

Harvest stage

Flowering

Maturity

Site

Growing period

Days

Plant

Sand & nutrient solution

Roots

Leaves & Straw

Grains

Whole plant

Whole
system

DBW

Sep.2005 to Apr. 2006

221

32.6

3.9

16.8

−

20.7

53.3 a

WQ

Sep.2005 to Apr. 2006

214

30.8

7.5

16.9

−

24.4

55.2 a

QZ

Sep.2005 to Apr. 2006

212

25.7

11.2

19.3

−

30.4

56.2 a

Mean

Sep.2005 to Apr. 2006

216

29.7

7.5

17.7

−

25.2

54.9 a

DBW

Sep. 2005 to May 2006

247

20.1

4.6

11.8

8.2

24.7

44.8b

WQ

Sep. 2005 to May 2006

245

15.1

4.6

9.4

15.6

29.5

44.6 b

QZ

Sep. 2005 to May 2006

244

19.2

8.2

8.7

4.0

21.0

40.2 b

Mean

Sep. 2005 to May 2006

245

18.1

5.8

10.0

9.3

25.1

43.2 b

Note: Values within one column followed by different letters are significantly different at the 5% level

sand-maize system in which the net airborne N input
was up to 14 kg N/hm2 during the period of 51 days
from flowering to maturity (He et al., 2007). It was
reported that about 80% of the N was transferred from
leaves and straw to wheat grain during the stage of
grain filling, while the rate was only 60% for maize at
the same stage and the remaining 40% of the N was
derived from absorption (Chun et al., 2005). This suggests that N from soil and atmospheric deposition
contributes less to wheat than maize during the grain
filling period. It is therefore preferable to harvest
wheat before flowering in order to quantify the highest
total airborne N input during the wheat growing season. There were no significant differences in deposition among the three sites (data not shown), so the
figure of 43.2 kg N/hm2 can be regarded as the average
airborne N input during the whole wheat season across
the three sites.
The N remaining in sand and nutrient solution made
up about 54% (when harvested at flowering) and 42%
(when harvested at maturity) of total deposition.
Compared with 50% of total N deposition stored underground including roots in the sand-maize system,
the rate in the sand-wheat system is relatively high (on
average 68% and 56% when harvested at flowering
and maturity, respectively). Moreover, 21% of total N
deposition was allocated to the grain when wheat was
harvested at maturity.
3.2 Airborne N inputs monitored with two crop
species
When ryegrass was used as the monitoring species, the
average total airborne N input was 50.2 kg N/hm2, and

Dongbeiwang showed the highest N deposition value
of about 57 kg N/hm2 among the three sites (Table 2),
possibly due to the larger N uptake in the ryegrass
shoots at that site. The value of 50.2 kg N/hm2 using
ryegrass is quite similar to the value of 43.2 kg N/hm2
calculated with wheat. As we discussed previously (He
et al., 2007), many factors such as photosynthetic capacity, metabolism, deposition velocity, leaf area and
leaf structure can influence the airborne N inputs
(Böhme, et al., 2002, 2003; Russow and Böhme,
2005). As C3 plants, these factors are similar for wheat
and ryegrass, thus the difference between wheat and
ryegrass is somewhat lower than that between maize
and ryegrass over the same period of measurement.
Although bulk deposition of inorganic N occurred
mainly from June to September (about 68% of total
bulk deposition) (Liu et al., 2006) due to the occurrence about 76% of the annual precipitation, the average value of 50.2 kg N/hm2 for the period of September 2005 to May 2006 was similar to that of 48.6 kg
N/hm2 for the period of May to September 2005 (He et
al., 2007). Heavy winds occur regularly during winter
and spring in northern China, occasionally with sand
storms in spring, and these may be contribute considerable amounts of dry deposition, especially particulates, to total N deposition, suggesting the potential
contribution of dry deposition to total N deposition
during winter and spring in northern China.
The proportion of deposited N stored in the roots
was much higher in ryegrass than in wheat (on average 50% versus 13%) (Table 1), and the proportion of
residual N in sand and nutrient solution was lower
after growth of ryegrass (on average 9% versus 42%)
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together with the airborne N, may be adequate for
normal growth of wheat. Higher N supplies did not
increase the dry matter yield of the wheat plants.
Stimulation of larger biomass production by higher N
deposition has been discussed at length (Böhme et al.,
2003; Russow and Böhme, 2005). Individual airborne
N input rates seem to relate to the general development progression, metabolic processes, and physical
exchange, which are influenced by the level of N supplied (Rogers et al., 1979; Böhme et al., 2003). Rogers
et al. (1979) reported that the uptake of gaseous N
compounds was mediated primarily by physical exchange processes and not by metabolism, and the total
diffusive resistance was highest at the mid levels of
tissue N. Therefore, in our experiments the different N
supply levels and hence the differences in physical
exchange and metabolic processes influenced the
uptake of individual gaseous N compounds, and the
N supply level of 1.5 g N/pot resulted in the highest
N deposition due to the mid level of tissue N (Table
3).
Less NO2 uptake by plants of low N status than by
plants well supplied with nitrate despite the
N-deficient plants obtaining relatively more of their
total N from NO2 than N-sufficient plants was reported by Rowland-Bamford and Drew (1988). Thus,

(Table 2). Compared with the value for ryegrass from
May to September in 2005, more deposited N was
stored in the roots (on average 50% versus 21%) than
in sand and nutrient solution (on average 9% versus
37%) but the proportion of deposited N stored in the
shoots was similar (on average about 40%), except at
Dongbeiwang where about 69% of deposited N was
stored in the shoots and only 19 % in the roots (Table
2).
3.3

Influence of different N supply levels on airborne N inputs

Table 3 shows the effect of fertilizer N input on total
airborne N input during the wheat season. The amount
of dry matter of wheat plants supplied with the lowest
level of fertilizer N was significantly higher than the
other two levels of N supplied. However, the amount
of N deposition of the whole system supplied with the
intermediate level of fertilizer N was significantly
higher than the other two levels of N supplied. This
contrasts with our previous results using maize (He et
al., 2007) and the findings of Böhme (2003). It has
been shown that crop yields do not increase with increasing N supply when the N application rate is adequate to attain the optimum yield (Chen et al., 1997;
Ju et al., 2002). Therefore, in our experiments the N
which was supplied at a rate of about 0.75 g N/pot,
Table 2
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Total airborne N input into different parts of a sand-ryegrass system at three sites in northern China
N deposition (kg N/hm2)

Site

Growing period

Days

Plant

Sand & nutrient solution

Whole system

Roots

Shoots

Whole plant

DBW

Sep. 2005 to May 2006

254

7.1

10.7

39.3

50.0

57.1

WQ

Sep. 2005 to May 2006

269

7.0

23.5

13.5

36.9

43.9

QZ

Sep. 2005 to May 2006

266

0.0

39.1

10.5

49.5

49.5

Mean

Sep. 2005 to May 2006

263

2.1

27.0

21.1

48.1

50.2

Table 3
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Effect of N supply level on the evaluation of total N deposition in northern China during the wheat growing season
15

Growing period

Sep. 2005 to
Apr. 2006

Days

221

N addition

Dry matter

(g/pot)

(g/pot)

0.75

N content
(%)

N deposition
(kg N/hm2)

Ratio of N from deposition to
total N content per pot (%)

Shoots

Roots

71.9 b

1.15

0.47

42.2 a

23.7

1.5

59.4 a

1.89

0.61

53.3 b

19.0

3.0

63.9 a

2.68

0.70

40.1 a

10.1

Note: Values within one column followed by different letters are significantly different at the 5% level
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the ratio of N acquired from deposition to total N content of the whole system decreased with increasing N
supply to the roots (Table 3), which agrees well with
our studies on maize (He et al., 2007) and with the
findings of other workers (Matsumaru et al., 1979;
Okano and Totsuka, 1986; Rowland-Bamford and
Drew, 1988), suggesting the dilution of N deposition
by the increase in the total 15N pool in the ITNI system
(He et al., 2007).
The contribution of atmospheric N to the total N
content of the sand-wheat plant system ranged from
10% to 24% (Table 3), which was lower than that to
the total maize system which ranged from 20% to 44%
(He et al., 2007). However, both of these ranges fall
within the range found in other studies of about 4% to
77% for NH3 (Lockyer and Whitehead, 1986; Wollenweber and Raven, 1993) and 10% to 15% for NO2
(Muller et al., 1996). The upper limit approximates to
the theoretical value of 78% calculated by Raven
(1988) when plants use unrealistically high atmospheric N concentrations up to 1.44 mg N/m3 for NH3
and 1.94 mg N/m3 for NO2 as their sole N source
without addition of N to the roots.

7

4 Conclusions
The total airborne N inputs to the soil-plant system
during the wheat season (sowing to flowering) in
northern China was 55 kg N/hm2 on average using an
ITNI system and the value decreased to 43 kg N/hm2
when wheat was harvested after maturity, indicating a
net N emission (12 kg N/hm2) from the system during
the period from flowering to maturity. The average N
deposition value was 50 kg N/ hm2 when ryegrass was
used as the monitoring species. The contribution of
atmospheric N to the total N content of the sand-wheat
system ranged from 10% to 24% and decreased with
increasing N supply to the roots, suggesting the dilution of N deposition by the increase in total 15N pool
in the ITNI system. The results reveal the importance
of atmospheric N deposition onto agroecosystems in
northern China.
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